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Photo 3-1: 
Water intake structure 
(grate visible, bottom) 
for water supply to the 
Waiawa Unit of Pearl 
Harbor National 
Wildlife Refuge. Intake 
is adjacent to bicycle 
path north of the 
Refuge. California grass 
and cattails in 
foreground; fill 
stockpiles in 
background. 

November 2000 
	

Phase ll RI, EJFDF, Pearl Harbor 
	

Physical Setting 

Photo 3-2: Water accumulation cistern for Waiawa unit of PHNWR. Cistern located in tidal area 
where the unnamed stream discharges into Pearl Harbor. Freshwater flows into cistern 
by gravity through 12-inch pipe, lower right. Stored water is pumped from cistern into 
the upper pond of the refuge. 
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November 2000 
	

Phase ll RI, EJFDF, Pearl Harbor 
	

Physical Selling 

Photo 3-3: Upland farm area downgradient from ETPDF, which is located beyond power poles in 
the background. 

Photo 3-4: View toward northeast from bicycle path bridge over unnamed stream. Stream in 
foreground. Fill material, heavy equipment storage, and Nakatani watercress farm in 
the distance. 

3-9 

AR00029846 



November 2000 
	

Phase II RI, EJFDF, Pearl Harbor 	 Physical Setting 

Photo 3-5: View toward southwest from Okada Trucking Co. property. Excavation of ponds and 
stockpiles of fill in the foreground. Dense mangrove swamp in distance is located 
between the bicycle path and the National Wildlife Refuge. 

Photo 3-6: Waiawa Spring, located on the Nakatani Farm. This spring (and wells) supply flowing 
water to the watercress beds and the unnamed stream that discharges into Pearl 
Harbor. 

3-11 

AR00029847 



low 

Lb Si 	 teed I 

.. ■ ( 	I 	 ;-.'clut I If 	W 

I 

' 	Iii 	LL L 

i•tc 

unnanci 
C) , 

I 	 901 

i.Titar !, and 	' 	nianniLln 

-- 	bird sv.  

iH 

LAI I q96). 

1 	 I 

ZO I Zn rj 	_ 

Ii 	I III 	lULl 1: 

U! d IL 

cr.i.H 

Chioi 

' I ; t !If (Ii)in;1,'[,, 

1. 

Ut, ILL rinn,)n 

c:re 
r.A.) 

• 	- 

it 

lIttLe 

tcL ft. ,11 

;;111:1111e 

1-S:TE W1LDLfrIE 

t 	I a 

' 

. 	;cans. 	fc.o, a 	 i‘ 	I 

the 
and c.: !.e 	 ed 

iariners 
	

IL:LI; Ule I-law:Cr:J.::: 	 - 
c)•', 

3-13 

AR00029848 



CC. 199t:: it; ffsatt.: 	 the Indi•Jit 

Yide 

; 

:\larortials 

Lf , C 

1101. 

"LJF.LFor 1.r1 

:t1ln 
kind 

i 

■ ti..1C 	t 

raLL:. 	 in 	F.Ji - nr 	!I i:1 irivestigatiori Af•ea 

Common 

ack-crov,fie , ‘. 

HH egret 

ron 

f 

1 	1 

i•ii;non 

atz-3•X‘r.,:q;,/ ,  

Northern c:i•.1 

Red-crestc• 

-lort-eare•-t 

_ . 
1 , 1 farmers; comr - i observe 

dc amphiL•Li• 	and rt? 	ir,•rtcc in 1 ,CDH• 

IN".• 

3-3, r\iiiphiE.i.incy- -.- 

 

LIT?, 	• 

, Thsc.?1 , i•r•d Cth ,•. ,, P.,grictPi.iratiltkiklnit. A: ,  

            

            

            

            

            

            

AR00029849 



November 2000 	 Phase 11 RI, EJFDF, Pearl Harbor 	 Physical Setting 

Photo 3-7: View toward east along tidal drainage ditch that parallels the bicycle path (path follows 
power line, right). Excess flowing water from the Oshita watercress beds flows over 
riffle into drainage ditch. 

Photo 3-8: View toward north along Oshita watercress beds. Water flows from artesian well, 
distant right, through fields, and over stone weir into tidal drainage ditch. EJFDF parcel 
occupies the hillside beyond the abandoned farm house. Leeward Community College, 
upper right. 
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November 2000 
	

Phase II RI, EIFDF, nsc, Pearl Harbor 	Contaminant Fate & Transport 

Table 5-2: 8TEX Concentrations Detected along Centerline Flow Path, June—July 1998 

Monitoring Well 

MW-2 MW-15 MW-4 

Approximate distance from source (feet) 0 250 750 

Benzene 0.554 0.555 <0.010 

Toluene 0.041 0.006 <0.010 

Ethylbenzene 0.063 0.088 0.002 

Total Xylene 0.047 0.007 <0.010 

All values in mgIL. 

The following are first-order biodegradation rates were estimated by the Buscheck and Alcantar 
(1995) method for the EJFDF BTEX plume: 

• Benzene: 	—0.51 per year 

• Toluene: 	—0.20 per year 

• Ethylbenzene: —0.09 per year 

• Xylene: 	—0.16 per year 

Discussion. The flux of "fresh" electron acceptors through the caprock water-bearing zone appears 
to be the limiting factor for biodegradation at the EJFDF. Caprock groundwater seepage velocities 
are low due to the low hydraulic conductivity of the caproek strata (2 x 10 cm/sec or less in the 
onsite area); therefore, fresh electron acceptors enter the contaminant source area relatively slowly. 
Low groundwater velocity results in a slow-moving plume in which biodegradation is limited by 
electron acceptor availability (Wiedemeier et al. 1995). 

Although BTEX biodegradation rates at the EJFDF are relatively low compared to other sites, 
aqueous-phase hydrocarbons migrate very slowly through the caprock water-bearing zone, allowing 
sufficient time for biodegradation to reduce concentrations to very low levels well within the site 
boundary. The long contaminant travel times are a function of both low groundwater seepage velocities 
and retardation due to reversible sorption to soil particles. Since the electron acceptors are inorganic 
and, therefore, are not retarded, the electron acceptors move downgradient more quickly than the 
contaminants. Fresh electron acceptors are continually entering the contaminant plume. This results in 
a contaminant plume that continues to decrease in both concentration and area over time; this has been 
observed at the EJFDF as illustrated in the distributions of ICs over time, presented in Section 4. 

The variations in biodegradation rates between compounds may be due to differences in the rates at 
which the microbial population at the EJFDF is able to metabolize benzene, toluene, ethylbenzene, 
and xylene. As discussed below, sulfate-reducing microorganisms may be responsible for degrading 
a significant portion of the dissolved hydrocarbons at the EJFDF. A large population of sulfate-
reducing microorganisms may have developed in response to the high sulfate concentrations in 
caprock groundwater upgradient of the source area. 

5.4.2 Natural Attenuation Indicators 

To evaluate natural attenuation processes at the site, all groundwater samples collected during the 
Phase II RI were analyzed for a wide range of hydrogeochernical parameters. Hydrogeochernical data 
can be used to evaluate the potential for biodegradation at a site, identify the processes most likely to 
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Table 5-3: Redox Potentials for Various Electron Acceptors 

Reaction Electron Acceptor Metabolic By-Products Redox Potential 

Aerobic respiration Oxygen Carbon dioxide +820 

Denitrification Nitrate Carbon dioxide, nitrogen +740 

Iron Ill reduction Ferric iron —50 Ferrous iron 

Sulfate reduction Sulfate Sulfide —220 

Methanogenesis Carbon dioxide Methane —240 

Redox potentials measured at the EJFDF in June—July 1998 ranged between —280 mV and 444 mV. 
The highest redox potential was measured at MW-1 (approximately 900 feet upgradient of UST S-26), 
Redox potentials measured within the BTEX plume at MW-2 and MW-15 in June—July 1998 were — 
280 mV and —250 mV, respectively; this suggests that sulfate reduction and methanogenesis are likely 
the dominant biodegradation reactions in the contaminant source area and immediately downgradient. 

Biodegradation Capacity of EJFDF Groundwater. The stoichiometry of the microbially mediated 
reactions (aerobic respiration, denitrification, sulfate and iron reduction, and methariogenesis) can 
be used to estimate the potential hydrocarbon mass removal, or "biodegradation capacity," of 
groundwater flowing through the Contaminant source zone. The biodegradation capacity can then be 
compared to the maximum hydrocarbon concentrations detected at the site (Weidemeier et al. 1995). 

First, total concentrations of each electron acceptor available for biological reactions are estimated by 
(1) calculating the difference between upgradient concentrations and source zone concentrations for 
oxygen, nitrate, and sulfate; and (2) evaluating the production of metabolic by-products (ferrous iron 
and methane) in the contaminant source zone. 

Next, using stoichiometry, a utilization factor is estimated for each biodegradation reaction. 
Utilization factors are ratios of the mass of an electron acceptor consumed, or metabolic by-product 
produced, per unit mass of dissolved hydrocarbon degraded. Weidemeier et al. (1995) provide 
utilization factors based on the degradation of combined BTEX constituents. The biodegradation 
capacity that can be attributed to an individual electron acceptor is calculated by dividing the 
available concentration of the electron acceptor by the corresponding utilization factor. The total 
estimated biodegradation capacity (in BTEX concentration units) is the sum of the biodegradation 
capacities associated with each individual electron acceptor. Table 5-4 shows the calculations used 
to estimate the biodegradation capacity of ENDF caprock groundwater. 

Table 5-4: EJFDF Caprock Groundwater Biodegradation Capacity Estimate 

Natural 
Attenuation 
Indicator 

'Average Upgradient 
' 	Concentration 

(mg/L) 

Average Source 
Area Concentration 

(mg/L) 

Uptake 
Concentration 

(mg/L) l 	Utilization Factor' 

Biodegradation 
Capacity 

(mg/L of BTEX) 

DO 4.25 0.1 4.15 3.14 1.32 

Nitrate 3.0 0.1 2.9 4.9 0.59 

Sulfate 100.0 0.03 99.97 4.7 21.27 

Ferrous iron e 4.2 4.2 21.8 0.19 

Methane b 2.5 2.5 0.78 3.2 

Total biodegradation capacity: 
	

26.57 

Utilization factor = mg uptake species / mg BTEX degraded 
	

Not used to determine uptake concentration. 
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2.3 acres, extending approximately 370 feet downgradient of MW-2. Predicted ethylbenzene 
concentrations at the downgradient site boundary are on the order of 1 0 mg/L or less. 

After the 37.5-year time step, the plume area enclosed by the 0.1-rng/L ethylbenzene isopleth shows 
a marked decrease. At 48 years, the 0.1-mg/L isopleth encloses an area of only 0.9 acre and the 
maximum concentration is down to 0.136 mg/L. 

With the biodegradation rate set to zero, the maximum predicted ethylbenzene concentration for the 
27.5-year time step is 2.21 rrig/L (compared to 0.586 rng/L with biodegradation active), and 
concentrations above 1 mg/L are predicted to extend approximately 300 feet downgradient of 
MW-2. Maximum ethylbenzene concentrations at the downgradient site boundary are on the order 
of 10' mWL. Model results (including figures that illustrate the simulated ethylbenzene plume) are 
presented in Appendix M. 

XyIene Plume. The xylene isomers are slightly less soluble than ethylbenzene, but are more mobile 
in groundwater than ethylbenzene since they do not adsorb as strongly to organic carbon. The site-
specific xylene HL (4.33 years) indicates that xylene in EJFDF groundwater biodegrades more 
slowly than benzene or toluene, but more quickly than ethylbenzene. 

The calibrated model closely matches xylene concentrations over the first five sampling events, but 
over-predicted concentrations for the 27.5-year time step (summer 1998). Between the August 1994 
(23.5 year) and June–July 1998 (27.5 year) sampling events, actual xylene concentrations detected 
at MW-2 and MW-15 decrease sharply—from 0.50 mg/L and 0.029 mg/L, to 0.047 mg/L and 
0.007 mg/L, respectively. Simulated xylene concentrations for MW-2 and MW-15 are 
approximately 0.24 mg/L and 0.05 mg/L, respectively, for the 27.5-year time step. The simulated 
xylene concentration trend, therefore, appears to represent a conservative forecast. The maximum 
concentration predicted for the simulated 27.5-year xylene plume is 0.313 mg/L. As defined by a 
0.1-mg/L isopleth, the simulated plume covers approximately 1.8 acres and extends approximately 
260 feet downgradient of MW-2. Simulated xylene concentrations at the downgradient site 
boundary are on the order of 10' mg/L or less. 

Ten years later (i.e., 37.5 years after the release), the maximum predicted xylene concentration is 
0.043 mg/L. The predicted MW-2 concentration is approximately 0.022 mg/L, while the predicted 
MW-15 concentration is approximately 0.028 mg/L. The simulated plume, as defined by a 0.01-mg/L 
isopleth, covers approximately 2.6 acres, extending approximately 350 feet downgradient of MW-2. 
Predicted xylene concentrations at the downgradient site boundary are on the order of 10 4  mg/L or 
less. 

With the biodegradation rate set to zero, the maximum predicted xylene concentration for the 27.5-year 
time step is 3.21 mg/L (compared to 0.313 mg/L with biodegradation active), and concentrations above 
1 mg/L are predicted to extend approximately 250 feet downgradient of MW-2. Maximum xylene 
concentrations at the downgradient site boundary were on the order of 10 -6  mg/L. Model results 
(including figures that illustrate the simulated xylene plume) are presented in Appendix M. 

5.4.3.4 GROUNDWATER MODELING CONCLUSIONS 

The modeling results suggest that the marked decrease in hydrocarbon concentrations in EJFDP 
caprock groundwater observed over the years since the MOGAS release can be attributed primarily 
to biodegradation. When biodegradation rates were set to zero, the simulations yielded BTEX 
concentrations much higher than the actual observed concentrations. In addition, with no 

5-52 
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November 2000 	 Phase II RI, EJFDF, FISC, Pearl Harbor 	 Human Health Risk 

Cumulative risk to potential future onsite residents was the highest estimated in the Phase I RI ERA. 
The risk calculated for these receptors was 4E-06. For all other receptors, the cumulative RME risks 
were less than 1E-06 (e.g., risk to future offsite farm workers as a result of dermal contact with 
water in the watercress fields and inhalation of VOCs volatilizing from the pond water was estimated 
to be 8E-09). All hazard indexes (Ills) were less than 1. 

The purpose of the current risk assessment is to supplement the Phase I risk assessment with Phase 11 
RI data. This risk assessment considers offsite contamination from two different contaminant 
sources: 

• Residual onsite subsurface soil contamination from the MOGAS release 

• Offsite contaminant sources not related to the MOGAS release 

As indicated in the CSM (Section 5.5), the contaminants detected in the offsite investigation area are 
not likely to be related to the MOGAS release. 

6.1 	METHODOLOGY FOR RISK EVALUATION 

The BRA was completed using the preliminary risk evaluation (PRE) approach, developed with 
guidance from the following: 

• Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part 
A) (EPA 1989a) 

• Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual 
Supplemental Guidance, Standard Default Exposure Factors (EPA 1991) 

• Communications between EPA Region IX Toxicologist Dr. Daniel Stralka and the CLEAN I 
contractor (Stralka 1995) 

A PRE compares exposure point concentrations (EPCs) to EPA Region IX PRGs, and is appropriate 
when the following criteria are met: 

• The complete or potentially complete exposure pathways of concern at a site are identical to 
those used to develop the PROs. 

• Pathway-specific exposure parameters for receptors at a site are expected to be similar to the 
EPA Region IX default assumptions used to develop the PRGs. 

PRGs do not consider all exposure pathways (e.g., exposure to indoor air from soil gas; ingestion or 
dermal absorption of chemicals while swimming, wading, or bathing; ingestion of contaminated fish, 
meat, dairy products, fruit, or vegetables; and impact to groundwater). PRGs are not intended as 
stand-alone decision-making tools or as a substitute for EPA guidance when preparing baseline risk 
assessments. When using PRGs to screen for COPCs and provide preliminary cleanup goals, 
residential soil PRGs should be used to reflect maximum potential beneficial uses for the site. 

A PRE typically consists of a screening PRE and a site-specific PRE. As a conservative approach, 
the screening PRE consists of comparison of site EPCs with residential PRGs. If risk is found 
acceptable, the risk evaluation is considered complete. If risk is found unacceptable, site EPCs are 
compared with industrial PRGs (if industrial exposure pathways have been identified). If industrial 
risk is found unacceptable, or exposure pathways different from those used to develop PRGs have 
been identified, a site-specific PRE is completed. 
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November 2000 	 Phase II RI, EIFDF, FISC, Pearl Harbor 	 Human Health Risk 

Equation 6-2:  Model for Estimating Intake for Residents, Ingestion of Contaminated Watercress, 
Current and Future Exposure and Land Use 

CFd x 'Rad/.  x FI x EF 
Intake (ng/kg - day) — 

AT 
Where: 

CFd 	= contaminant concentration in food (mg/kg) 
IRadj 	= age-adjusted ingestion rate (kg-year/kg-day) 
Fl 	= fraction ingested from contaminated source (unitless) 
EF 	= exposure frequency (days/year) 
AT 	= averaging time (period over which exposure is averaged, in days) 

Assumptions: 

• Contaminant concentration in food (CFd) is based on soil concentration and plant: soil accumulation factors or 
deposition factors. Data are presented in Appendix N. 

• Age-adjusted ingestion rate (IRadj) is 1.07E-05 kg-year/kg-day (see derivation below). 

• Fraction ingested (Fl) from the contaminated source is 1.0(100%). 

• Exposure frequency (EF) for a resident is 350 days/year (site-specific estimate). 

• Averaging time (AT) is 30 years x 365 days/year for intake of a chemical when considering noncarcinogenic effects, 
and 70 years x 365 days/year for a chemical when considering carcinogenic effects. 

Derivation of age-adjusted intake rate: 

IRadj ocg — yr I kg - day)— 
IRc x EDc IRa x (EDr — EDc)  

BWc 	B Wa 
Where: 

IRc 	= ingestion rate 	child (kg/day) 
IRa 	= ingestion rate—adult (kg/day) 
EDc 	= exposure duration—child (years) 
EDr 	= exposure duration—resident (years) 
BWc 	= body weight—child (kg) 
BWa 	= body weight—adult (kg) 

Assumptions: 

• Ingestion rate for a child (IRc) is 5.33E-06 kg/day; for an adult (IRa) is 2.55E-05 kg/day (EPA 1997c, Table 9-13). 

• Exposure duration for a child (EDO is 6 years and for a resident (EDr) is 30 years (EPA 1991). 

• Body weight of a child resident (BWc) is 15 kg (EPA 1991) and of an adult resident (BWa) is 71.8 kg (EPA 1997b). 
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November 2000 	 Phase II RI, EJFDF, FISC, Pearl Harbor 	 Human Health Risk 

Equation  6-4:  Model for Estimating Intake for Utility Workers, Dermal Absorption of Chemicals in Soil, 
Future Exposure and Land Use 

Absorbed Subehronic Dose (mg 1 kg — day)— CS x CF x SA x AF x ABS x ED 
BW x AT 

Where: 
CS 	= contaminant concentration in soil (mg/kg) 
CF 	= conversion factor (10 -6  kg/mg). 
SA 	= skin surface area available for contact (cm 2/event) 
AF 	= soil-to-skin adherence factor (mg/cm 2  skin) 
ABS 	= absorption factor (unitless) 
ED 	= exposure duration (years) 
BW 	= body weight (kg) 
AT 	= averaging time (period over which exposure is averaged, in days) 

Assumptions: 

• Contaminant concentration in soil (CS) is the lesser of the 95% UCL of the arithmetic mean or the maximum 
concentration. Data are presented in Appendix N. 

• Exposed mean skin surface area (SA) is 5,700 cm 2/event (head, hands, forearms, and lower legs) (EPA 1997e, 
Table 5). 

• Soil-to-skin adherence factor (AF) is 0.082 nrig/cm 2  (irrigation installers; EPA 1997e, Table 6). 

• Absorption factor (ABS) is 0,1(10%) for VOCs and SVOCs (EPA 1997e, Table 4). 

• Exposure duration (ED) for a utility worker is 5 days (site-specific estimate). 

• Body weight of a utility worker is 71.8 kg (EPA 1997b). 

• Averaging time (AT) is (5 days ÷ 365 days/year) x 365 days/year for noncarcinogenic effects, and 
70 years x 365 days/year for carcinogenic effects. 

6.1.2.3 TOXICITY ASSESSMENT 

Carcinogenic and noncarciriogenic toxicity values are derived as described below. 

Carcinogenic Toxicity Values. In the first step of a carcinogenic toxicity assessment, the EPA 
evaluates human and animal studies to determine the weight-of-evidence classification for 
carcinogenicity. The EPA adjusts the weight-of-evidence classification upward or downward on the 
basis of other supporting carcinogenic evidence, such as metabolic and other pharmacolcinetic 
studies, cell cultures or microorganism studies, or structure-activity studies. Table 6-3 presents the 
EPA weight-of-evidence classification system for carcinogenicity. 

Table 6-3: EPA Weight-of-Evidence Classification System for Carcinogenicity 

Class Description 

A Human carcinogen 

B Probable human carcinogen 

B1: Limited human data are available. 

B2: Sufficient evidence in animals and inadequate or no evidence in humans. 

C Possible human carcinogen 

D Not classifiable as to human carcinogenicity 

E Evidence of noncarcinogenicity for humans 

6-12 

AR00029959 



2000 	 Phase t  1— th 3 	 ViUlticitt 1 1eai1e co..n 

    

hF 	econd step of fri 	 assigns i toxicity 	 fr. 

;Ind response. 
slope fat-. 	i•J' 	 tbr potential 

ations of 	1 B. 	 1:(:( '•Hriemicals 

ilie t 'I 	1.1 	kr. 	,..- \ ,.. 	, 	1 	, c.it,...;21 .....id 
■.)1. .......... 	..1:::,..: ..:N . 	H . ico....-„, ,.11[... 	 ■... ,...:.:11,..i...i.-iilerp_1%,_. 
•_11... 	- - 1 , ,.H.1 •...arlip.)1  

rliC 	 _.1111 

;,7): bili 	I 

ircuic:!-- .. 

lk) , „ 	L 	 . yr)ri,)pt 
, 

'I. ,: lmit 	)luau of rfic 	 • 	 e is . 
H. 	 , is ti upp r or 	i.ci 	 lit of th. , ' 

ur 

VPAC'S 	 (Oral 

of Cancer 

11;:3C: 

Luitg, ltiofax, iv[ ,  

Benzc(:,-. its 	[i5ft1 

it CA,;,- ■:., 

dnd 

5 

6-' 

u. 	1 • 11," 	,./bL 	from 	 sol.11 ,„ 
•■ f 	 datab,)=-: 	■ 	hese st)!, 

k Carcinogen Risk Assessme 	crification 	\Th 
Crils Ift 	fo1kyoine s_ ;:1flCoi2Fr 

	
10 X] CitY da t;- ■ 

• 

I. or 	 or-,1 	Itt IhnIzo(:: .4) 	. 
used as a sit LT:th: 	 thus are ekts=itied is B2 CHICiri!. :'2nS: 

	

L•d)p L,,1 	 class.ficaick: cl 

(Dossii, L, 	 soar I able 
.11 - 11 ' 	t 	 s ite  

( 1.4 	 for assessment of risk lion i oral 

	

c 	 R1 1 	LUc;L:. -L_Tiatcr!T7:1,r.-.r of 
.Jal., been aSsi.g. 	thc scve:i 	thai air cla-4-;ific.ij as 

711 	r.c:.;ens. The 	 orri 	 tuit 	 In ;3otenii;:11\ 

	

c PAH:- ,.L.P_\ 	I3 	i .,-s slope 	for the 	 :1,10.:!cH 	pre -, 
:1 	1 	 RI'Fs. 

AR00029960 



l.sse !!`•;1. t 1!..m.srf 

.)e of (.;ai iGel 

7  • ;; F:: 	 th.orax. skin 

dat2 O:74..uctri-ogo - lv:iti (huFhz,r),:-'„: 

, orobenzene 

flJCsflJ 

Lead 

- Iene 

■ S 	 Iff ., 1 	,1 - 1 , 1'..::1"•:: —)110 

er. 	it.., mors 

r :enthracE 

,•• 	 ..̂g-rram pr (JR ,/ 

Re0.1 	 FlPf. 

L'Ibenzo(a 
ifideno(1,2 
Table 6-3 U.ir 

nfj 	, 24;11 
from 	tss 

`s;itstcareilio!" ,,,- 11 	(olci 	\ 	rciert•IL: 	dosc (1Z.11); ithc 	 used 

%.t11..at:c 	xpO .trLto c071:1III,:.: A crontc RFD is  

Sparrr. 	.1- r(ler of 1 -: -.tiltntturt.: 	:r 

for the hu: -..lan 	 tinlikd .v ft pcn,:e an qii..P.L....11)1,7. 
durilg 	::rtNiirp-. Chronic J.Z.11.)Fs iii 	gc -. -:c.rtlly used to evaluate i':ot.. .=Tria: 

.- tt. 	 70 yrs .17 01 this n 

I.!. 

is 

\ ',1 1 1J , 1(' 	,, ,, -,:i llial. 	', HU 	',1 ', 11 	l '• ': 	i 

	

,,,- r; :,-.•.Th ,., u : •,. i i ,_ , , ,,) \ 1. 11'..... c.!N-. -.. 	 . ti-r.. ,  0 -: -. ,j i-ouic 	It 	iric.qz,;: ,-. hurnat: (,. - a .:,:.: -.1r.f.:-.0. - t-1112.1) ..,c, dus : ,.. 1 ftycni.;;;:, 

t; .-;ckl. I.t...-t.iti..kte ht.t:I.Jti •1;712 ':.r .:-: il.). :'.1 . 17 11',. ,::. 31:::;r:11 :-.-.titc.iy cim.zt klre l'..• .-, 	Tl.  only :i1iii.r.;.:1 : 

:.;:11)I .: . 7M• 	; 	,.,. 	
r ,11... : % t_:.:11 ',11 , : liD.:?t S ,- 11.,iliV:...! Mii1i:P.1 	 thc' , .;ritic:-1 1 f.t 

1- : -..ost ,, 	1 	species is that specii--: 	: 	', 'T.iW a Ir' ,-.0 	(.:1' .::::,:i:i 
	

0); 

'' . ct have 	eleeted, the 
)Rtriv. 	NT,t. AFT is the et\pt). ,:tii...2 ik'.‘..c1 that rei)i :sent-, he 

t 	 :1 1.1 7;t:Fv" 	 0.1C .7 1 11" , a CATC ,J, 	kierno: : ytaL ■ t 111 

1 	 1) 	 C;•1 	 ! 	 1 -•P A 

TIC! e.a 7  C'S L1F 	 V PI 1113 IZ.11) 

le 71nteritl:',),1 

1 	1:1(.7:1 

f0 -j - 

11  

ne 
the Le.\ 1. .1 to (lutc:Tnin::::iic 

AR00029961 



I 11 .1 

(1,1L•2, The folio'. 

C\LL 	 unavailable) by aprii 
• i ying 	 ■ 	of multink 

Tainn.; 	 hes 
to the 	 data: 

t 	 •,,, nt fur v?riation in 1.1i 	Iran 
pi 	 .,ubpc;pt!h -,.: ions, SW' 

- F )f IH H ;. 	-lint f.,1 

;.11,1; 

i 	 o r ; 

to I 	 !1'.!4]: 	 ) io 10 is uscI kl :1.1.,:ct a qua.:,,ir ..\ - e 
), 	,•• a 	 ddlno- a 	ties in 	critical study si n. 	it! in ..he 

TJ: c: -  

,..'alculate. .) -11 i .:1. 	( 	 : .-COA -•- 1  . or Le....',.1.:it if a NO.A1.-.1- is uni., -, •.i't .,1 , 	the 
()Call UFs an.: 	i . is',11;:s are ,2:..pi..n.,s ,....1 in 	r of TT, 	-) 	:'-. Mo.‹.. - 11 . al P..ti_),- 

s - ,...11.. admiritei ,_-. d ( 4,..--;cs rarli,..1 than ab.so.1.! ,,-5_'. 

afDs uHi in the 	 . 
11:11, the II. . (1997d.) Health ! Assessment Sun -,.. 

in 

inform 	 hiable in MT.'', 
contact the, Superfanci 	 rechnical Suppoll. Center 

c::-..cmicals without toxicity valu...-; 
itred. If toxicity values were not available l'offl any of the ahi)vc 

DC. 099*) 

\‘‘..:.c 	identified 	•L 	 methylnaphthalen ,.':. 
h;-.11:;•o;;rr1 I ne . 	 i)peryht•;),-. hen70i.k.)t -luor 

,.111x-r1zoLi.h)antiiraceric. 	 apiltha 

	

H.:FS• )., 	IDS 	OnL 	anthraiTH -r. 
.1 he iiron -i• 	subchc( -.LL': ,-: oral 	for nr 1, :.11(n,.• 

rho— ': -1....;t1th 
	

'1 ctive toxicity val;.] ,.s 	 here 
rh 	nnnearcrim-Tcilic 	lackint 

t 

	

.c.ients 	 loncarc:: 	toxicity data for 

	

ro 	 EPA 
i 	 1 	 L()X:(11:y 	t•.'• 

)1 ■ ;FL )% 	11 	n IL 151; 	;1 • br:M11..':. 1 1 	nd 	data lo/ 	 co.lipuhni 

	

iLL(H...i;cd in the tahL 	EH.): 	not a•vailable 
4 - , :)moplic. 1,‘:. I phenyleth..: - 	I 

oi • 

 

ian 

1..1: 

I LOi ;.1i1:ILC11 

. s! 

AR00029962 



Low 	increa..f. ,:-.c liver ano 
anti 

(.;1•--•; Ade 

[1:;• , 	t7 u:sil 	 1L--01 I ncreat;•:---r.•?; 

I tral) 

ano 
i;icre:tsed 

cl : 
: 

• 	12.11E2111-:1fl 	SC (  
nrci 	glularriau. 

y: 	t ,a1K,c)f 	 

r 

111:,:i.3!- eEsec g -owth 

- ate foc. -4.1 
1.:00 

1E-01 1 	Low tie 

ci 

Fle:•.: -.••:' - 1;.:•1roI:•••::.•: 	 ; 

3,000 

- 	; 	tivity (rat; 

Ind r - cc. 	3•o,i)pyrene 

' 	 r7SC. 

‘,";,:L).;• 

PfD 

I:•;:••• 
:70) 

D ,acreased Ic 

v.,aight 

AR00029963 



Lrophenol 

Phenanthrenii 

Phenol 

tertr.nr.•i 

Rol %eyed from 
froni 1- 17 A 

ii:lipiiithalene was used 
'; or laphth2cr. e 

- Pip eq:lal to Ch ,  onic RID 
c lc Alf! 	Stipl 

:19;.13) PPG !;,b;;:-, 
for 4 n.tioc: - c.r .v)1 , i .is 

_Atli i.Lui L:.--P',i of Oral To:ic:IL 	',One:: to Lei - rna 	1. OXiCity v iiiIIL:S, 	crr-, - :.::1c. 	siire. iii i5 

1!"neri1i_eS rleCC.:6,1r, Lc.,  :; ditIS: afl t.'Ll ■ ",(1.:IXIC 	Vail„:.C.' 	j<11 ..) C:.i glop.::-. 	Ct u H i ron ; a:., 	:•1:H...:rtcl 
.., ..in a .....,,, ,- , , r....:: co.,,,t. 	bus. 30 Hi 	1...-(1.1....nr,.; ,.ii .N. ,  absoi:bct_::  d o ,±:t..-. 	,.[5[ H.: app: op. i,.;td ,, ( orlipal el .: V,  101  

h ;o 	h At NI .. 	 :!:1 IC' a ,..1,:i :nal toxic: 	allAL . 

i 	 ) . 1 t.ri :.,Ii:, 120, fl ■ '.. 	 d '..c.'; kC 	'.d tt:•:1' 	',.',:.::::iiit:ii ■ 01 C.If.'Firai_ .0\ 	ROIL 11 ■.211..2 1.0N3C11:, 

•:. :., Fe....1 Cir. ail :1.1111M,1.:1 	I''' L.! iinJ 	ho ::::S 7ZOinteS6 nal 2.1.)'. -)rptiC:r1 01 11 ..0 ,..:,-0..'illit.:.11 b. IC:FS 

1,111 	:', -0 f. : P.A. PHL:,.- i1iohemi. p I I: 	i.(r:.:dri 	.iioH 	1 	i'irntin 	 ;'..V1 	0 r.,,..c,,)J 

t..:Cf:1111r '.31L1af C3 	CIR ,ii ::.1...A.rdiiiw -i (Le. 	1 	percent 	i 	-,,:,.: --.A.ilncd ifP 	cjp  I 1 7 , ,.. 1  „ 1 11 

:..)1-4,..•.,: :li.":_isi.r.,-:. In ....eugat:c.n arC.1. hc li:L.irotritc3i ,. --,:', 1 :(1.7csoiption i.,..:. at leL-,0::. 	'!' (Mt Thel . ctore. 
k-A-yrriplc.. 	Hr- 1 :-,, 	..,..ii-pwr:l , .....:1: -. ;.'.:,..S1..irk...=(:_ .17, -Ri., Li4,-. 1.p. --,L0cri:. E. 	1011 1) 	CC 	\"-. 4.11:il,'; \,-,,,- 1:0:1 -ft._: 	C', , ''',37,.. 

i 	PA. I'S' '::TIOUld be 

I 	11..T ,:firic, Iii 	o 	Dpc 	for 	 P.\ H, 
1.1EfA 	d: ■■ --;Stri .LIII 01 

ii. i...-:711,7:.iLIF1 .;.: ; L.:11_;iii he.11 	 -,:.- 0re,S11r ,j: 	-s.......;,•:,ment and 	• - io.,...h..1.1). .16':::C:.. -,3'.110tE 00 	.i;i,sii.iteri 

int.() .Li iiiiiiiiiii. a1iiii. - ..-ii a , 1 	6,..; r.,:rm , .: ,...-. ,:pre:r.:-, 	isk. To eharacTe: I7e risk of .) , 'It'il  

10. 	 ,•,  , 	Il11 : 	tieot,'7 	 II drnCleD 0000 1 0L1 e1 . 	JIrie of eznc.,.are al z 0-00 in -c.:1:.2::ii 
trot; 	Lud 	..•1•:. -1 -1 -ft:Ja1-. 	inrah-e or ',1103 1,?(C', 	, and ;:: -.. , .-Arn.: -.T,i-sp-. ' cific 	,p , ..- 

AR00029964 



November 2000 	 Phase II RI, EJFDF, FISC, Pearl Harbor 	 Human Health Risk 

factors. Similarly, to characterize risk of potential chronic or subchronic noncarcinogenic effects, 
comparisons are made between estimated chronic or subchronic intake or absorbed dose, and 
chemical-specific RfDs. The models used to estimate chronic and subchronic intakes and absorbed 
doses are shown in Equation 6-1 through Equation 6-4. 

For chemicals that are potential carcinogens, risk has been estimated as the incremental probability 
of a receptor developing cancer over a lifetime as a result of exposure to a potential carcinogen via 
each identified exposure pathway. The slope factor converts estimated daily intakes to the 
incremental risk of a receptor developing cancer. The estimated chemical-specific intakes are low 
compared to intakes experienced by test animals or humans used to compute slope factors. In 
accordance with EPA guidance, it was assumed that the receptor dose-response relationship is linear 
in the low-dose portion of the multistage model dose-response curve used to compute slope factors. 
Using this assumption, the slope factor is considered a constant and cancer risk is related to intake. 
Therefore, the following equation (i.e., the linear low-dose cancer risk equation) was used to 
compute chemical-specific cancer risk for each COPC: 

Risk = Chronic Daily Intake (CDI) x Slope Factor 

To estimate risk for the dermal absorption pathway, the estimated absorbed dose was multiplied by 
the unadjusted oral slope factor. Reasonable maximum case risk was quantified by using RME 
(intake) values in accordance with EPA guidance. In accordance with EPA guidance, total cancer 
risk for each exposure pathway was quantified by summing chemical-specific cancer risks (EPA 
1989a). 

The potential for noncarcinogenic health effects due to chemical exposure is evaluated by comparing 
intake with an RID. This comparison, or ratio, is called the hazard quotient and is expressed as the 
following formula: 

Chronic Daily Intake (CDI)  
Hazard Quotient (HQ) = 

To estimate the HQ for the dermal absorption pathway, the estimated absorbed dose was compared 
with the unadjusted oral RID. Reasonable maximum case HQs were quantified using RME (intake) 
values in accordance with EPA guidance. 

In accordance with EPA guidance, the HQ for each chemical was summed for each pathway, 
resulting in a pathway HE (EPA 1989a). This approach is conservative because health effects from 
exposure to different chemicals may result from a chemical effect on different organ systems. 

Summation of screening pathway HQs is appropriate if the chemicals induce the same 
noncarcinogenic health effects by the same mechanism of action. lithe individual HQ for a chemical 
exceeds 1, then the pathway HI exceeds I. If two or more chemicals contribute to the pathway HI, 
addition of chemical HQs may overestimate the potential for health effects if the chemicals do not 
induce the same health effects by the same mechanism of action. 

If more than one chemical contributes to a pathway Ill that exceeds I, then chemicals with similar 
effects and mechanisms of action are grouped ,, and the HQs for each chemical in the group are 
summed to obtain a segregated HI. Segregation of the HQs by health effect and mechanism of action 
results in RI estimates that are less likely to overestimate noncarcinogenic risk. 

Upon completion of the site-specific PRE, the following criteria are used to reach conclusions: 

Chronic RfD 
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Table 6-9: Estimated Surface  Water HQs  for  Farm Workers in the  Offsite  Investigation area 
(Reasonable Maximum Case, Dermal Absorption of Chemicals, Current and Future Land Use) 

RME 
	

Reference Dose 	Adjusted for 
Chemical 
	

(mg/kg-day) a 
	

(mg/kg-day) 	, 	Absorption 
	

Hazard Quotient 

SVOCs 

Benzo(5)anthracene -2.64E-04 _ No 
. 

— 

Benzo(a)pyrene 3.00E-04 — No — 

Benzo(b)fluoranthene 3.27E-04 — I 	No — 

Benzo(g,h.i)perylene 2.64E-07 2E-02 No 1.3E-05 

Benzo(k)fluoranthene 2.88E-07 — No — 

BEHP 9.74E-09 2E-02 No 4.9E-07 

Bubilbenzylphthalate 5.77E-08 2E-01 No 2.9E-07 

Chrysene 3.61E-04 — No — 

Di-n-octylphthaiate 2.08E-08 2E-02 No 1.0E-06 

Dibenzo(a,h)anthracene 1.08E-05 — No — 

Fluoranthene 5.82E-04 4E-02 No 1.5E-02 

Indeno(1,2.3-c,d)pyrene 3.65E-04 — No — 

2-Nitrophenol 1.54E-06 — No — 

Phenanthrene 3.85E-04 2E-02 	. No I 1.9E-02 

Pyrene 6.49E-07 	, 3E-02 No 2.2E-05 

Inorganics 

Lead 
	

1.56E-06 
	

No 

Total Pathway Hazard Index 
	

3E-02 

= no data 
2  See Appendix N. Table N-3. 
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Phase RI, EJFDF, FISC, Pearl Harbor Human Health Risk November 2000 

Chemical 
RME 
	

I 
(mg/kg-day) a  

2.71E-07 AceWie 

2-Butanone 1.23E-08 

3.87E-10 	I Carbon disulfide 

3.71E-11 Anthracene 

1.68E-10 4-Bromophenyl-phenyfether 

3.16E-11 Dibenzo(a,h)anthracene 

1.04E-09 Diethylphthalate 

Phenanthrene 1.46E-10 	I 

Lead 	 2,60E-07 

Table 6-11: Estimated Was for All Receptors (Reasonable Maximum Case, Ingestion of Watercress, 
Current and Future Land Use) 

VOCs 

SVOCs 

Benzo(a)anthracene 	 6.41E-11 

4.04E-11 Benzo(a)pyrene 

6.63E-11 Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 5.34E-11 

Benzo(k)fluoranthene 5.34E-11 

BEHP 5.40E-13 

Chrysene 	 1.06E-10 

Fluoranthene 	 l 	3.27E-10 

Indeno(1,2,3-c,d)pyrene 	 3.63E-11 

Phenol 	 I 	5.84E-69 

Pyrene 	 1.46E-10 

Inorganics 

Reference Dose 
(mg/kg-day) 

Adjusted for 
Absorption Hazard Quotient 

1E-01 No 2.7E-06 

6E-01 No 2.0E-08 

1E-01 No 3.9E-09 

3E-01 No 1.2E-10 

No 

No 

I No 

2E-02 No 17E-09 

No 

2E-02 No 	I 2.7E-11 

No 

No 

No 

8E-01 No 1.3E-09 

4E-02 No 8.2E-09 

No 

2E-02 No 7.3E-09 

6E-01 No 9.7E-09 

3E-02 No 4.9E-09 

Total Pathway Hazard Index 	 3E-06 

— = no data 
3  See Appendix N, Table N-4. 
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Reasonable 
Maximum 
Exposure 	Slope Factor 	Weight of 	I Chemical-Specific 

(mg/kg-day)' 	(mg/kg-day)-1 	Evidence b  Chemical Risk 

November 2000 
	

Phase II RI, EJFDF, FISC, Pearl Harbor 
	

Human Health Risk 

Table 6-13: Estimated Cancer Risks for Utility Workers in the Offsite Investigation Area (Reasonable 
Maximum Case, Dermal Absorption of Chemicals in Soil, Future Land Use) 

VOCs 

Carbon disulfide 
	

1.47E-12 

1,2-DCA 
	

4.79E-12 
	

9.1E-02 
	

B2 
	

4E-13 

SVOCs 

Benzo(a)anthracene 5.35E-12 — B2 — 

Benzo(a)pyrene 6.37E-12 — 82 — 

Benzo(b)fluoranthene 1.04E-11 — 8 2 — 

Benza(k)fluoranthene 8.41E-12 — 132 — 

Bis-(2-ethylhexyl)phthalate 9.38E-12 1.4E-02 82 1E-13 

Chrysene 8.92E-12 — B2 — 

Dibenzo(a,h)anthracene 2.67E-12 — 82 — 

Hexachlorobenzene 3.59E-12 1.6E+00 82 6E-12 

Indeno(1,2,3-c,d)pyrene 1.01E-11 — B2 — 

Naphthalene 1.29E-12 — C — 

Inorganics 

Lead 1.26E-09 B2 

Total Pathway Risk 6E-12 

Total RME Excess Cancer Risk 9E-10 

Note: Site COPCs not designated as carcinogens by EPA are not included. 
= no data 

' See Appendix N, Table N-6. 
b  See Table 6-3 for definitions. 
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Reasonable 
Maximum 
Exposure 	I Reference Dose 

(mg/kg-day) a  I 	(mg/kg-day) 
Adjusted for 
Absorption 	Hazard Quotient Chemical 

November 2000 
	

Phase II RI, EJFDF, FISC, Pearl Harbor 
	

Human Health Risk 

Table 6-15: Estimated HQs for Utility Workers in the Offsite Investigation Area (Reasonable Maximum 
Case, Dermal Absorption of Chemicals in Soil, Future Land Use) 

VOCs 

Acetone 7.55E-08 1E+00 F No 	 8E-08 

2-Butanone 9.76E-09 2E+00 No 	 5E-09 

Carbon disulfide 7.49E-09 1E-01 No 7E-08 

1,2-DCA 2.45E-08 - No - 

Ethylbenzene 1.12E-08 1E--01 No 1E-07 

1,2,4-Trimethylbenzene 1.02E-08 5E-02 F No 2E-07 

1,3,5-Trimethylbenzene 1.02E-08 5E-02 No 2E-07 

Xylenes, total I 1.21E-08 4E-01 No 3E-08 

SVOCs 

Anthracene 7.81E-09 3E+00 No 	 3E-09 

Benzo(a)anthracene 2.73E-08 - No 	 - 

Benzo(a)pyrene 3.25E-08 - No 	 - 

Benzo(b)fluoranthene 5.34E-08 - No 	 - 

Benzo(g,h,i)perylene 7.53E-08 2E-01 No 	 4E-07 

Benzo(k)fluoranthene 4.30E-08 - No 	 - 

13is-(2-ethylhexyl)phthalate 4.79E-08 2E-02 No 	 2E-06 

4-Bromophenyl-phenylether 1.28E-07 - No - 

Chrysene 4.56E-08 - No 	I 	- 

Di-n-butylphthalate 3.98E-08 1E+00 No 	 4E-08 

Dibenzo(a,h)anthracene 1.37E-08 - No - 

Diethylphthalate 2.69E-08 8E+00 No 3E-09 

Fluoranthene 5.47E-08 4E-01 No 1E-07 

Hexachlorobenzene 1.83E-08 8E-04 No 2E-05 

Indeno(1,2,3-c,d)pyrene 5.14E-08 - No - 

2-Methylnaphthalene 2.56E-08 2E-01 No 1E-07 

Naphthalene 6.61E-09 2E-01 No 3E-08 

2-Nitrophenol 1.01E-08 6E-02 No 2E-07 
r 

Phenanthrene 1.37E-08 2E-01 No 7E-08 

Phenol 3.98E-08 6E-01 No 7E-08 

Pyrene 4.30E-08 3E-01 No 1E-07 

Inorganics 

Lead 	 6.42E-06 	I No 

Total Pathway Hazard Index 
	

3E-05 

Total RME Hazard Index 
	

3E-04 

= no data 
a  See Appendix N, Table N-6. 
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suggests a high degree of uncertainty in the accuracy of the toxicity value, and indicates that the 
value may change in the future if additional toxicity data becomes available. Conversely, high 
confidence by the EPA in an RfD or a reference concentration (RfC) indicates low uncertainty in the 
accuracy of the toxicity value. Uncertainty and modifying factors used to develop RfDs are presented 
in Table 6-5. 

6.2.3.3 UNCERTAINTIES IN RISK ES77MATION 

An oral RID was lacking for 1,2-DCA and 4-bromophenyl-phenylether; lack of a RfD may cause an 
underestimation of the adversity of noncarcinogenic health effects. 

Uncertainty in the evaluation of carcinogenic risk and noncarciriogenic hazard due to PAIls in 
surface water and soil is influenced by a lack of toxicity values. The oral slope factor for 
benzo(a)pyrene was used as a surrogate, employing RPFs from EPA (1993a) guidance, for the six 
other PAHs classified as B2 carcinogens: (benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene). However, 
route-to-route extrapolation from the oral to dermal routes of exposure is not appropriate for the 
PAHs, which are known to elicit direct toxic effects on the skin (EPA 1993a). Therefore, potential 
carcinogenic risks due to dermal exposure to PAHs in surface water (farm workers) and 
soil/sediment (utility workers) may be underestimated because of a lack of appropriate toxicity 
values. In addition, oral and dermal reference doses were not available for these seven carcinogenic 
PAHs, potentially underestimating the noncarcinogenic hazards associated with exposures to those 
COPCs. 

Many of the COPCs in surface water and soil/sediment are PAHs. The IIMW PAHs detected in the 
offsite area are not likely to be associated with the 1971 MOGAS release or with residual onsite 
subsurface soil contamination for the following reasons; 

• The PAHs detected offsite are C16—C22 hydrocarbons, not the C6—C12 hydrocarbons 
associated with gasoline products (such as BTEX and naphthalene compounds). Lighter 
hydrocarbons do not naturally transform or degrade to heavier hydrocarbons (e.g., via 
photolysis, hydrolysis, or biodegradation) (Lyman et al. 1982). 

• No direct pathway is available to transport onsite subsurface soil contaminants from the 
MOGAS source area to the offsite watercress fields. Hydrogeological evidence and analytical 
data indicate that caprock groundwater does not reach the surface in the watercress farm area 
and does not discharge to the confined basal aquifer, which supplies water to the watercress 
fields. Furthermore, PAHs are relatively immobile in the aqueous phase due to their low 
solubility and high affinity for organic matter. 

• The PAHs detected offsite are very common in urban environments and could be associated 
with automotive exhaust, asphalt pavement, and surface runoff from Waiawa Road or other 
asphalt-paved surfaces. They could also be associated with the underground fuel pipelines 
that cross the area (see discussion in Section 3.6), fill storage piles, abandoned buses, and 
heavy equipment operations, maintenance, and storage areas (e.g., the Okada Trucking site; 
see Figure 3.1). 

6.3 PRE CONCLUSIONS 

Table 6-16 presents a summary of total human cancer risk and His resulting from exposure to 
contaminants detected in the offsite areas. There are no complete pathways for exposure of offsite 
receptors to residual onsite subsurface soil contamination from the 1971 MOGAS release. Therefore, 
there are no risks associated with this source. As noted in Table 6-16, cumulative RIVLE cancer risks 
are all below an excess cancer risk of 1E-06 (the point of departure risk value) and noncarcinogenic 
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(BERA). The Navy also has established policy for conducting ecological risk assessment at Navy 
sites (DON 1999). Navy policy includes a tiered approach that integrates the EPA 8-step process 
(Figure 7-2). Tier 1 includes EPA Steps 1 and 2 (SERA); Tier 2 includes Steps 3 through 7 (BERA); 
and Tier 3 addresses evaluation of remedial alternatives. This includes considerations that go beyond 
the risk assessment process, into the realm of risk management (EPA Step 8, in part). It is also Navy 
policy that risk assessments _already under way meet the substantive requirements of the tiered 
approach. 

Because this ERA is part of a Phase II RI, it has been designed to fill data gaps and reduce 
uncertainties identified in the Phase I ERA. As such, it contains elements of a Tier 2 ERA. A major 
data gap addressed by this Phase II RI is the nature and extent of site-related contamination that may 
have migrated off the Navy property into the agricultural wetlands. This includes a detailed analysis 
of surface water flow in the offsite area and collection of bulk sediment and surface water samples 
for chemical analysis. The Navy is conducting further evaluation of potential impacts to Pearl Harbor 
under a separate investigation (Pearl Harbor Sediment Study). Therefore, sampling of Middle Loch 
sediments and surface water under this Phase II RI was limited to two shoreline samples at discharge 
points in the mangrove swamp south of the bike path and three samples in the tidal drainage ditches 
north of the bike path. 

The new analytical data were screened using the Navy Tier 1 methodology and further evaluated in 
the context of the Phase I RI using Tier 2 elements (up to Step 3a) as follows: 

• Tier 1, Step 1 included problem formulation; describing the ecological setting of the EJFDF; 
and identifying ecological receptors, chemicals of concern, and assessment and measurement 
endpoints. It also included an analysis of exposure pathways and development of a CSM. 
Finally, Step 1 included an evaluation of the toxicity of potential COPECs. 

• Tier 1, Step 2 is the effects evaluation. The effects evaluation included calculation of EPCs, 
models of potential intake values (dose), and exposure estimation. NOAEL-based toxicity 
reference values (TRVs) and exposure equations were used to back-calculate a safe soil 
screening level (SSL) for each potential COPEC. Media concentrations (surface water, 
sediment, and soil) were compared to media screening values using the hazard quotient (HQ) 
methodology. The risk calculation section presented the HQ analysis used to predict the 
potential for adverse effects to ecological receptors. Finally, a comprehensive uncertainty 
analysis covering each step of the risk assessment was presented. 

Risk characterization requires analysis of the potential for adverse effects to representative species in 
light of the uncertainties inherent in the risk assessment process. The uncertainties were weighed to 
decide whether a potential for adverse effects is likely to represent an unacceptable risk to the 
environment. Section 7.3.4 contains a brief summary and recommendations. 

In Tier 2, the results of the Phase 11 RI ERA were evaluated further in the context of the Phase I RI 
results (Ogden 1996), where the refined understanding of offsite exposure was incorporated into the 
results of the onsite investigation. 
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Terrestrial wildlife 
(e.g., mammals, birds) I Ingestion Yes Pathway potentially complete; selected for 

quantitative evaluation. 

November 2000 	 Phase ll RI, EJFDF, FISC, Pearl Harbor 	 Ecological Risk 

Exposure pathways that were not considered in this SERA include plant absorption of air 
contaminants, inhalation of contaminated dust by animals, and dermal absorption of contaminants 
from soil by animals other than the earthworm. These routes lack sufficient scientific data for 
evaluation, and they are assumed to minimally contribute to the overall exposure of ecological 
receptors to soil contaminants compared to the pathways chosen for evaluation. Exposure pathways 
are listed in Table 74. 

Table 7-4: Potential Offsite Exposure Pathways for Offsite Ecological Receptors 

Potential Receptors Exposure Route 

Pathway(s) 
Selected for 
Evaluation? Comments 

Air 

Terrestrial wildlife Inhalation No Incomplete because site is covered with 
vegetation, or vegetated wetlands; wind-borne 
particulate emission is unlikely. Volatile organic 
compounds are not COPECs. 

    

Surface Water 

Aquatic organisms I Direct contact with 
integument and gills 
and ingestion of water 
(uptake) 

Yes 	I Pathway potentially complete; selected for 
quantitative evaluation. 

  

Aquatic birds 	 Intentional or 	 Yes 	Pathway potentially complete; selected for 
accidental ingestion 	 quantitative evaluation. 

Sediment 

Aquatic plants 
	

I Direct contact 	 Yes 	I Pathway potentially complete; selected for 
(root uptake) 	 I quantitative evaluation. 

Benthic organisms I Direct contact with 
I 

 
integument and gills 

I and ingestion of 

j sediment (uptake) 

Yes 	I Pathway potentially complete; selected for 
I quantitative evaluation. 

  

Surface Soil 

Terrestrial plants Direct contact 
(root uptake) 

Yes Pathway potentially complete; selected for 
quantitative evaluation. 

Direct contact 
(foliar uptake) 

No Not evaluated because applicable exposure and 
toxicity data could not be found in the scientific 
literature for the majority of COPECs. 

Terrestrial invertebrates 
(e.g., earthworms) 

Ingestion and 
direct contact 
(dermal absorption) 

Yes Soil invertebrates are considered as a source of 
food chain exposure; selected for quantitative 
evaluation as a food item. 

Terrestrial wildlife 
(e.g., mammals, birds) 

Ingestion Yes Pathway potentially complete; selected for 
quantitative evaluation. 

Direct contact 
(dermal absorption) 

No Not evaluated because applicable exposure data 
could not be found in the scientific literature, and 
exposure is expected to be minimal. 

Food 

Uptake of COPECs in Surface Water by Aquatic Organisms: Water to Animal. Aquatic 
organisms such as fish, tadpoles, shrimp, and crayfish can take up contaminants from water through 
the integument and gill surface. They also may drink contaminated water. The two methods of 
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while feeding (Kreulen and Jager 1984). The black-necked stilt is assumed to ingest sediment when 
feeding. Equation 7-3 presents the model used to estimate exposure by soil or sediment ingestion. 

Equation 7-3: Model for Estimating Animal Intake of COPECs from Ingestion of Soil or Sediment 

CSxFixSixCFxSUF  
CDI (mg/kgday) —  

BW 

chronic daily intake (mg/kg-day) 

COPEC concentration in surface soil or sediment (mg/kg) 

total food intake (mg/day) 

soil ingestion expressed as fraction of total food intake (unitless) 

conversion factor (10 -°  kg/mg) 

site use factor (unitless) 

body weight (kg) 

Assumptions: 

Concentrations of COPECs in surface soil or sediment (C s) are represented by the maximum in Tier 1 assessments 
and by the 95% UCL or the maximum, whichever is less, in Tier 2 assessments. These values are presented in 
Table 7-7. 

• SI, Fl, and BW are values obtained from peer-reviewed literature and are presented in Table 7-9. 

• SUF is calculated as the ratio of the area of suitable habitat available at each site to the animal foraging area. Thus, 
the SUF is both species- and site-specific. The maximum value for SUF is 1. The foraging area used for each 
pathway calculation is presented in Table 7-9. 

Soil/Sediment-to-Plant-to-Animal Exposure Pathway. The model used to estimate the 
contaminant intake concentration resulting from this pathway is presented in Equation 7-4. This 
model pertains both to ingestion of vegetation and seeds by the house mouse and the northern 
cardinal. It also applies to the ingestion of aquatic plants such as watercress or algae, by the black-
necked stilt. 

Equation 7-4: Model for Estimating Animal Intake of COPECs from Ingestion of Plants 

Where: 
COI = 

Fl = 
SI = 
CF = 
SUF = 
BW = 

CDI (mg/kg - day)— x BCFp 
x CF x Fi x PI x SUF 

BW 

chronic daily intake (mg/kg-day) 

COPEC concentration in surface soil or sediment (mg/kg) 

soil-to-plant bioconcentration factor (unilless) 

conversion factor (10 -6  kg/mg) 

total food intake (mg/day) 

plant ingestion expressed as fraction of total food intake (unittess) 

site use factor (unitless) 

body weight (kg) 

Assumptions: 

• Concentrations of COPECs in surface soil or sediment (C s) are represented by the maximum in Tier 1 assessments 
and by the 95% UCL or the maximum, whichever is less, in Tier 2 assessments. These values are presented in 
Table 

• SUF is calculated as the ratio of the area of suitable habitat available at each site to the animal foraging area. Thus, 
the SUF is both species- and site-specific. The foraging area used for each pathway calculation is presented in 
Table 7-9. 

Where: 
COI = 

= 
BCF, = 
CF = 
Fl = 
P1 = 
SUF = 
BW = 

7-28 
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Surface Water-to-Aquatic Life-to-Predator Exposure Pathway. This pathway is analogous to the 
soil-to-plant-to-herbivore pathway in that it represents a feeding relationship. In both cases, the 
animal ingests tissue with a contaminant concentration expressed in milligram of chemical per 
kilogram of tissue (dry weight). The black-necked stilt ingests aquatic organisms found in the aquatic 
environment Equation 7-7 presents the model used to estimate exposure via this pathway. 

Equation 7-7: Model for Estimating Animal Intake of COPECs from Ingestion of Aquatic Organisms 

C   
CDI — 

xBCFixCFxFIx xSUF 

BW 

Where: 
COI = 

= 
BCF, = 
CF = 
Fl = 
Al = 
SUF = 
BW = 

Assumptions:  

chronic daily intake (mg/kg-day) 

COPEC concentration in surface water (mg/L) 

water-to-invertebrate (aquatic life), bloconcentration factor (unitiess) 

conversion factor (10-8  kg/mg) 

total food intake (mg/day) 
aquatic organism ingestion expressed as a fraction of total food intake (unitless) 

site use factor (unitless) 

body weight (kg) 

• Concentrations of COPECs in surface water (C s,.,) are represented by the maximum in Tier 1 assessments and by 
the 95% UCL or the maximum, whichever is less, in Tier 2 assessments. These values are presented in Table 7-7. 

• SUF is calculated as the ratio of the area of suitable habitat available at each site to the animal foraging area. Thus, 
the FF is both species- and site-specific. The foraging area and habitat area used for each pathway calculation are 
presented in Table 7-9. 

Total exposure for each species at the site is equal to the sum of exposure from all appropriate 
pathways. 

7.2.2 Calculation of Ecological Soil Screening Levels 

Ecological soil screening levels (Eco-SSLs) are COPEC concentrations in soil that are considered 
conservative, screening-level concentrations. If the Eco-SSL for a COPEC at a site is not exceeded 
by COPEC EPCs, further evaluation is not required. Conversely, if the Eco-SSL is exceeded, further 
evaluation may be required. 

Eco-SSL calculations are based on the HQ methodology (see Section 7.2.3.1): 

HQ = Intake TRV 

Eco-SSLs are calculated by setting the HQ equal to one and "back-calculating" soil concentrations 
using the above exposure equations (representing "intake") for all pathways applicable to a particular 
receptor. 

The equation used to determine Eco-SSLs is based on a combination of the following models that 
were applied to exposure pathways for house mouse, northern cardinal, and black-necked stilt: 

• Estimating animal intake of COPECs by soil/sediment ingestion (see Equation 7-3) 

• Estimating animal intake of COPECs by ingestion of plants (see Equation 7-4) 

• Estimating animal intake of COPECs by ingestion of soil/ invertebrates (Equation 7-5) 
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:1. 	)1 

Mine. Cryzulic 

;2.12E -, 0 1 

3r1Or',e 

	

1.10E• 	 k 

	

4.65E+62 	 427F 02 

5.38E+02 

5.19E+02 

	

6.95E+01 	 5.46E+01 

oc r 	 : 

	

3.75E+01 	 5.42E+01 

.60E+02 

	

E+01 	 : .62C..+01 
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Nov cm 2000 T.DJ, 

8.74E+. 1. , 1 1.97E+03 

:1 27E+01 4.8D''.. 

8.04E+03 2.56E+L. 

2.75E+02 5.0 	a' 

Carbon disulfide 

5.48E+IS1' 

.: 

H. 3E+02 

, 	 t.n.d 
exposucE. 

	

,:npiit.::ris ; w 1 	•-, 1 11 . 	 1  I. 	....'1V .:,C1..u - i 	1. ■ ',.. 	 .; 	' - ' , C111 '1 : -.  'ht..  j IR  M.:Cji.ki 

	

'...i:11r;:11C: 	 D.,.:IT..13 11. 	 ... ■ !..,, :i -.. 1 ,.u...1,1c.c.: -,iati ,..: 	:.:pc.... It's. This ._._-. 
:tc.........._,Iiii) 	 ' In (..... 	I -._. ,:,....illInl -ry 	:Ipi.ii...1 , 3 late 111 ,7'i,i1,1 	'IV'TT -, i'.) .::!,  

• eXr.i",..7.1. 	L 	1. 1 :f: ,,,-., lai.oil 	• illl....zr.:11( , ;.! t 	}--.) ,-; .•.f.fle. 	possil:H. 	 el! 	LO COQIC11..• 

_ ICiitij -.: 	" ij: I.:.::: -..iiili '... III 	 J 	II() 	-..11..-Id is .,.;•-: -,..:(.1 	1.0 

ell. potential .L. , 	 to ecologic, 	e..a“•):':-. occ.I.E . 	ovtdc an evaluai;ot -! 

\17a- .1 - ! --tc:1::.t; ... 	 .:(..:11)17.(... 	-)..:: rrictlIc.d. c(::1 -nparc: 	's i..}1 or:Takff .  (1-  

. .r.ti.) 	y.i.....: 

•:Izi.1.):1;-..n.t. of rh,..' i -.-. -- . 1 - 1.. -  

i:.; sr 

-..- 	:_ .-..n.Irn:.:..17; 	1 

.1- 	zp.-I -....--.. 

';'. 

- :v.11:..i. -. 	ti.. 	Li,' 	1.1._ \ 

_;)osar..: lu a .•....iitaniiiiuri 

-.. N 	U . . ...(mfl: 	!:-'.' ■ 1) 	H 

.1. 	1..i - : c•I 	i .LH -. L.---.. 	is 	::.::['...:-.;:. 

VIL.i a speL.:Ifit 

1;z.' ,:.-..- ..--- :i 	Luz. 	;... 

-.:1? -..L: 1.1 	'' 

, 

1. 1(,) 

	

,....W.0 - 	Ii 

L,.., 	_ - 

;.“,) 	fittat;;Am. 

_ 	 recei , L ,  

alues were determined for each CO1=1:C and exposure pathwt -f:,, 
•..e. 	 usin t - flowiun 

- ; -aation: 

rrestrial 
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.Idd , Td 	 n 	111 

:t11 exposui 
These 

T.) 

thr.:T) 	 IT•ai 

I 

tU 	itt,2t .s. 

L11 :Ays, the pc 
A 

, ,tnr 

juu 	 Phase fl RI, EJFDF, 

	

1. 11(. 11 ,... 1:,. 	I h. ! 	: 1',1 	 11 	tic 	Li 

{}'C 

Al or ry,:oh ,,t,%- s' 	 " 	 ful a 1)::int 

an 	 ileasiiremete ,.ridoonit provi,--; some insight into 	CI 

011 	 aTroi!dc ..ion Or T,I.1% 1V'Ai ifl the1cclDo:NIL:Ilion. It is irts.:111.1 
Liai 	 t;:!ir t 	ivrcCc nduai 

nonuLtici:• 	ilowever. !t-  r2s..;:s arc 12i: . csklit al the individual 
1 	 nay 	liana level becau:,:e density dependent population 

-:.empensate for the 	of several individuals. 
1 	1(11 ‘, Tt:Liak 	 i 10C::.ePtat:It2 

ic 	 U.2 _1 	 pLescnted 	 for 
t'ach 
	

Step 2 exposure 

G CONCENTRA TION::-; 

:0 , 15 media were conipared 

EP C5 	 7FF.' 

	

1 	 11 	1 T 	HI I. Ii \Veilant. 	LTIV1 I1VLII ii 	if) 1 Tr.':idY. v:r. --.1 - 7:: SCTI.:C.T.P:' ,.. 	IT 	Li. 1. ,:" L ift i 

t.. 	,-..11::.1 	t1: - 1 -....-..-, -.1ii 	_}):c.I11 ,.:.. 	 - 	ill:: 	pru:k.. --.i1_171 	01 	atiti:. -. Sc: 	1:k... 	ft .  rit:Iti.;: - r .  si--.:tit -.. 	1 - 1...): 	..o.:,.icr ',II 

	

'1.,.. 	 .,...L11.,11. 	i. 	i ,ti...(.:--; 	,.aiLL,.:.:-: H- 	II:! 	in'..3Lize:-,. Lit id  

	

141. ■ 	 arison is presenteii in . 1 ble 7-12. 

	

r.i 	 have bee;- 	--.1;1 1,1-,1.,..:(1 for the 

	

irea ■ r 711;c: c-, 	 'itona lac Ock-7. 

hiTH 

C 	,211 -1!.. 	 tr 
1113CCTLFITTI. 
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....I. 0-02 	 at oatialis 	inarpgikiv comuntirrdy 

the 	 (.'()PriCs 	ere detecied in OIL:' ,.;• :1Eutol 

Ecoku , .: 

ItJ110..; 

i- 1110H.1:11111.:11c 

, 	 • bud. ...I . ) 

..c..11 	 rr.ai 
,ild a IL 	 .0 

	
U) :  

	

artcs1.1: -, 	.=;t11:-it 	 water does not contain 
v . atei 	 cui. se the s;:li 	...al 

1 7 ( 	 it is plot:able inat ti dete, 

	

-( 	 i n 	 or coll , H , LI 	and are therefore unavailat. 

: 
	 ./1 

tile 	 1 

screenin?,. value's (Long et al. 1995); hov . ,-. 
tIn -] 	 cr . L' 

)6. arid 	.)•00 	 ticLi dochcs 	L).;:low u 	. i:17.):Tcr) -2-s...- 

)1,...1..15 	:tut) 	o- ) 11, -:!...) 	in. . 	 d1sc:i]1111. 	i to 	Harbor. The 
subject to vi:.1.11 0uNìin 	anc. 	constkiel .,.!cl 	 ..1.1).1vJz1,:l.„ nifty. 	.r;;L: 
wcry. 	 Lead 	at )-.06an D•0 E I 

1));t 	) 
Ai,' Licking l'or .  sc:)..cral 

	

1 --_ , .-.);Isw_rait).)iis; cc!: all I i 	-rnoleculiu 	{ I ":‘,1 \v . ) 	f 
, 

compJ -c ,..A to theic 	Nn L I\. t .res:r. 
NCI 	LIvINV nor 	I'AHs excec,.i 	ci -it,:)ia at any of the sample locz Li a 

ii L 	iiI I 	1 	TI 	1 	r.A,TTs. 	s 

W-01 	.:eted at the outfall of a &tot sewer draining parts of 
'; he 	 I 

bui , 

t.10: -.) 	I 	 111L' 

I 	 I tt(Ii .;.: Mh 
i 	 HJ. 
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1 

,,vere 	 c' al. 
PAtis 	 chrv..TI, and 

scriAminfi 	but 	round 	In 

pAjr.. 

Hi :II 
9.1,6) 

in 

all LM.: 
conceniratft..m. -.‘,. 	i, ,11„1.c.,... 	 :e:::.tr.:. -. freshwater . ,.er,- ,:.-iliii 	...- Itfift 	i'.:c:itH,.- 	' 	Li, r,`:. 
r 1'.:'_',4`.', . 	'. '\I-i. 	, 	„1 	 t111.1....1(' 	10 ,...',,ttik_;t1: . , 	1 11 ,..1.V1, )Fc, 	 fvf1)1.1:1 , ' 

: LAIL,  Ifl Lil ,: 	:H IC 	 I- 	•,t2:6111,11:',. H , , ‘, I1H , T. ,2: ,- ' ,J •,i ,  ,. t 

I 	, .7ottce 	 , 
to 	 1"."113 	lc-A in wr.c.,..Ttt.... J.:, also 

V LI 	tl 	 DA!! 

ra I i 0 , 	I 1 1 . C:,', ii ,".1 	I 	11,11 	: cct.10 -i: 	ik.ulat.'..-ci 	',.1 ,- ilw. 	ilL -: 
: Airription...; rot . 	. 	2 	..h 1 , 	\ 	I.soli 	,:ening 

F.Li...-SSL 	j. c Fi'n 	-:::4.!. '.,.......1 - ..... (...orr:r.!;.17c 	i) 	,..p..1w....:, 

-I 	11,1. 	. 1 \1Th , ",1, 	 I.•11 	l I.( 	.\11:0 	 ft 

•-pecif 	 I i ,)r 	Tirec(- ,  or. 1 	I1(. ,  :due for each recepto 	uaiculated by dividit 
the 	 c.. 	 by the Ci"..)1)1 	 . 	Stec ' Ecd 	Jit , 1 I IQ 

the ),, , 	wt Led 	 n 	ID. 

num e •(-:(1!'..itil .)11i in soils 	 1:-ad soil screening levels bas-1 nm 

of small 	flfl.fl\t, totr., ' id - 
I 

-11:" 

u Drol , 	tA3it ( 

a 	flil(11, 

:1('.2ii1 ,..,/ 1\. r1;.11y 	'.:-.: 

1-7 -,...!r1ocics1 risk aF -ccs--,:m: - Ht - (- 	 I -, 	, .. -1c.11 - riirar1 ,.,.- 	'.. , iit iir _.-,..!, 	Si:IfiIn-fli Hig yr...:.iti ,  tliDr 

c :T -.c .k1sitins. and .1. -  Hi_ 	J1; ,. 	li 	 .,11L,.: .ciegl.......2‘:, c .. 	::: -Ir..cft;!ILL',. Dtft t._, 

ini,.... , 	 1.i. 	1 	-("): ::C,,..-, 1 ITP.2.211 ,̀21:I.' , ',1:' 	t}: il-  •::::., 	I -...: t:::. 	) 	, ',11 	-IF ,  ' 	1;11,',1 	T;',: ■.: 

'II\ 	.,. crity.'sn'L -11 	1 ,,.."..!:eci7.-.1tior. 	IF 	Inc-. it,.... -‘1.. 	: ', ilk- orf.,-.'.. , 1 	'.---: 	11 . ....):11 	inn id) 	.)i 	!..:olir...f 

,...11..: ) Hi not I 	tile( H the 1,‘,H , ; -_ ,:1,--  

..‘J.rinplilig and ,,.;.atistical vai 

I in 

ul, 1:11 . 11 	L..: to field data 

,irortr-11 	 .r .es of 	 

7hc 	iTtte and. 

IF 0-rfl Jt Lflfl  

7 
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EJF717 . 

: 

.Lla ib•Dr 

1;1-.1 	,:pos111::' %. im ,: . .:iii!,-,iiorc5, 	 !  

:,,!!'.....c.r..c 	0 0et ,..-5. - . -..-Kr:t!..± n oi in.'. , 	.r-;t.a . t: . 	.:i:n . :::rr , 	( ( n'i 	11.1.]::,  

r.:,3] . 	: :: : 'c'i 1 	'.:(rreenirig step 	Tier  
:.•,,-):::t.t:: , ris t. 	:: , t. -rit lit.ti: 	k_. t:-_,:. 	2, the 95 pc t.. c': lICL of concentraitons•i -ric.::ft:t11 - ::::... 

..,,i1(.• ... 	.1:0- : 	,..:•1;11•.:. 	......p‘,-.111•:.: ..(:11:.:cili:.•2:00:00. Lif CC)Pl't. 	,. ::,:r..\ - -•,:‘,..2r.l.--tt- c.lit.se  c-di;•-;:. ::.1..i......,_ 	-.: 

r1•• 4,11,.....i.;.) 	. 	.-•-• fri:i:Ilrirt :-•:. L -1::::....r.:;•,•tcd c•.:) .. -:et•:. - typ.t -,tris 	( :P .1-7.{ .:•-: %,,e,•:•:, 1. ,-...-1 

It:: :h. 	:;,,,..v:::: ■ :::: 	,...,.. Cifilli.t.',1 '.(.... l',1'. ,: - 111. c\ILDSLII" ,.;:' Cur1 t:L- 1111:":1 . 1011S 1S. 	\ '"1 - :.. -  

•piii 	''', 5-000 0 	 -, 	i.ru r 	' .',1-_,:.:ru 	r.lio 	..!!0::-.u.ro.iir.7): - .. C 	lelr)..ic:•115 a. 

. -,:cr. 0 :u. ,-: ,_0,:ted -_ sarno1. 	\\Au , _ 	 . , Thcrilit...ai :octet:a-in:Air, -!! d a l.., ......,ithiy  il,,, ,  

.‘ 	 .:1111 	 th:2 

	

r 	 and mob: 	I- Icti 	rnethodt 
u p:Tr_ 	E.. 	oji co;L.el!:]Hruus, I ! 	afe rignrous and 0,-:si:. -1.1:ve; 	 ofter: st•,:1):(1 

that 	 receptors under normal envi.:.•,. - nn -t-2:11 
.EL:T -thermore, ehemic--1•,., whether sorbed or tree, are often mobile in soil am' ivay: 

surfcc 	„ring* or below 'ground via leachim.!: chemical coNcentr:.:!ocilr;„ 

,!: 

(.o:irenn,-. 1 ins 

i.rrenreseni sti;inshot in 	an , ' ni „ 

a nci 	 1 	 on 	 riLic in 

n-rAinrir 

bioLonentratIon (actors !!! evosir'e 

ilasc....1 	 Peterson ;1089). 

% 	I ,  

ar..C. 	 other interEHI I .,!fr.:rences as sources at dr.:a. 
do  

	

lo a regf 	 c:,.tablished by Travis ;.111d _Arms ( 1 9,SS v.. - c! - e used 't- o 

	

" -3 for ot .1-t. .inic:=, iLo relationF-hip is far from pci:CcetP . . [ - nett: 0- 	: 

••{:: 	to- tidies with 	 BCF, va_iles for organic,i,in 0i0ff 	 ari-; not 

lS11Jt0l 	-u[fco: ad T:\ "Vi 	 ) ,71 	vaiues werc: 	,.loped for terres1: -...tti 
uprajcc I 	()i 	scd:r: -“.‘n ,: by aquatic plants. Uncertaility 

values ,..•., .!krry.L ..arge . fri n 	it iLci that 	a! c: -  based (0....) 1 	- SOOIO 

	

The rmy ,  -11 	 . 	 ma y  
Lhe 	 ELL tH2rnore. 	 t .1.1.:01:- . 

0010 usi %hen II( 	- Cities 	 to , 	.ariieular COPE(' hn..!I 

T!')( 	 :s and 
1 . 1, 

ucc to prn:i 	 jiTt 	y tii 
aud 	 C.cpcnd on 

nt‘d have 	 ith them. These 	• 
int I Ade body weight; daily food and water intake; and the percentage of soil, plant, and pre, 

rrting the food intake. For those sarn ,.:' 	 it is asto.ined tIHI Eher,2 :0 
Ills 011010(0 	 .io: 	s.ith ;11L• 	 are dep.r..t:clec:t 

ay 	 W.!) : 	arc n o ! 

no ! 	 u.i111()) . ". 	 ShOOT.:::., icao 
11ThOUOI 'Hz 	 lo eat dL .tecent 	 partr ul pi;:nts, 

onsecu.:mtlal in t 	 For 	 a.,..;:satmcd 

7-41 
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v1111 -.'4 0,17:1 1( 	 n(jp011 -li t. 

'rc.,ht: on( 	Al 1.0 ;..1.110:! -,(1-  and f ,t) , a or. 	I, 
to be simiLi 

I 	ilf LC! 	 I 	it and 
modeling and development ,, r TR \.!:, Thvo exercises 

la arid cIt -!C.".7,15:+:'. 	 ond, it is assi..:1 - •ed tflat  HQs foT 
;11 

:Ile effect:, cif 
[ Le., not ne;:ssiirilv :.LLjdiii cc 

s 

cat:: 	cf an 

!! tem.tria1 prey [hat 1.h.. house mouse and the northern 
cardinal 	 and 	northern caix:.:!:H.1 mi:•. eat other small animals 

at 	 : 	,..-. , hernicals to a greater or lei - 
, ar.c. Kr 	T 	 1 17 	 plant, 	it 1•ol),:aui,nis 'That. the 

.1 .r:It may cc-q-:,-;1,....rriv. 

.11. a: -,(!: 	that the models do not account for may affect 	posa 

For example, any or all of the receptors may avoid , .: . .. -witaminittc:d arcc 
: 	 ). litc 	 lw, 	nd 1:1110S. 	 ' 	I 

PrCY 

c 	app 	,,,.i.:::: -, conduct:11g stii' 	d thc -c eXtl'ap01..i1l()T'.:_ , . 

............. 	 ,,T7', 	th ,.."•.'. 	 ...f, 	r -,.:, 	 it 	."7 ■ 1` , ..1.1 	Oil 	',Inv 	',I:II:NI. i uiscic. 	1 - !t.11 -  

. 1 i C L_C'11`.-....cr, 	. ',.. 3 L:::11!:1 t ,...' S 	i 	LA - y ,11. , 	' , CC Is pr.:: - ..0,. -. ,- 	_. 	0: (..-r. -,1`, .:- 1.)111!.. n 	i'" ,..' 1.1111,:c."A‘llrir:. 

L'icier sources of uncertainty ai:c: 	 -;c:rc: not deal .. 	using numeri.:._! 
1:1i.` 	 StUdie - • 	 a hit 	f rt[Lnc -a:111:`, 	inay 

't 	 7 	 :7td.!:tit!(.M. 

cIli 	StUCH, 	 v:ere 	,...:1ilonic in 	aii 	It 	difficult to icit::;IJ]( 
ceolovical 	Fr 

'the: 	cs 1..d 
concr'iii , 'alicn, 

( 1 - 	 ..nyct-,1! 	 vaty tow 
Jii th.;:sc. 	 Lsc L i 	back 	 - 

r...1111 	I 	fi 1uii 	ijti .flt i 	thrc:2 
commen 

thereLry. 	 level is considr::( 	const TV. it 

1 

7-42 

AR00030019 



• may be overestil .n.:.:Ied 	e 	::( -•::';ervative) I 

1,1U 1.;' 	1 LAR 

:Wilt and thC: 

if 

1 Jill:I`, 	)PLC. 

v , iioes. and 

fol 

r . rik 	 te 	k 
UI en WC:: 

1“.1: !bet 

F 	+ ,.• 1!"0 1.)..1. 	 :g values: 

iIarl.3n1 1.: 

1.11L:, 	..H.N 

rawaii Chrcii! 

1 • :7.o(b)fluc.1 anth:-.• 	 sene 
	

yrell;-2 

S 	 T 

Novembe..e 2u(Jt; 	 , 	 F1SC, r tc1 	;' (.11 
	 c, 

: : .:(.._ 11:) .....:. C ..t . .„ -  ij 	.1. 1..!(...n 1.:r..(.1 I.....) ......j ,:.'111:11.e  

• .. , •3tri,:" 1 -11.:1):.:1 i I.1:...',. 	. 	 th:n. 	1(1 11 ( ,)  

BCFT, and EA: 	Log: 	re nu: ynIkil.le. In s.h..1.1 
required to cal. I. .... 	 ',lot included in the cH:.•i: -. i:•;11- and 

I . 	 L'L._ 	II in • 	-::1;:rrn:. 	,-,amples collected at this site. Risk : -.1s;:,ociated 
t) 	11(11‘1 -A:1,1i 	 cl-m1,01 tn. (.1::::W - ificci for L .' 	4_iC 	111 thCSF.: iLflC.• 	31.C1S 

 n / drY ii..-,-;Oeil •cA 

,V,11;:f 	 L;ut for s a. h there are I 	criteria availabl.... 	ol 

benzo a) -1T 

C 11 P.I.Y1 

i)en7l 	 1:1 1.V.):a2ILLC 1 

Risk to fresilw - 	 1 

ir 	 ; 	 771 

: 	 criterin 'co the 1a1-.•1 - .. 	 critt- 

iniiics but for 	hich 	TIC 
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Li 11 

30:11 Ictic 

rr,  .1 	Elylph:7;aL ,3.:c: 

(7, 	 the tc 
	

are ,.‘. - 111 .1,:) ,.1: 

;rile 
	

11pCi - `' 

Ezo l 	 j,•Ht)  

Ri=z1.-  tc ,  T ,.,. --.- .1 , :. 	',entlu..-: c.. -..Laii•:s from tl . .c.--. 	r 	 . k..:Inno - 	:int.iiitd Hov........er, . he 
n 	cHi into I..:\ t . 	f r,.! vs.' p rovs 	A the ri. -..r.,:.1 co! ,- 11 - 1 , . -., 	f,nz:sh rip:I.1i.ir 

, 	 ;c: - ., -4.- df , .v. ■. 	c 	p s,:1 - ,,, 	-_-,tcr ia. 

Tcrte 

FL 	Icr 

.1.11,Lw C011::1=5: 	 fi 	 1H. 
[hat IL.117 ,.. 	:', .2 ■ 7 1,1111eiltS 	 CRI{ro.iltied. 	I he f.,arric 

\VIt.h 

	

„:101.1pS. 	 tolrdi PAH 	 0aell 
ITrH,.JIJl c. 	 un 	crc 0 ,Yill.".mu'd 	I •rrH Huc creening ■ - alues. .1 Here !s lneertainty in using 

'rtr±T ii itti" . 111 kIS . " 

I'1;., 	tr. , :', hoe 	.q:\. i 	:-.,,i.im c...--wri- 	i 'the rml , miial for adversk.. 	; based on coilservati ,.,: 

	

1 : ,--ft c;  :kn.,: ,..1„ :  pf.)ki-m;1 lor :“..1 .,c1:..... dTecis ':-..:., ecoh. 	 , )1.et1tial 
,, , '...i. tc LL. ,.::,-J .. -rirlvd in 1.i ,J) -)f ,. 	- 1. ,, ,,,-11.:Ii:ed',.) ‘,L.-,trrainT.h'! ,... 

I. cud HQ .1):31 - I• 	va,11,•,sHr each c:epto i thu crte are  
contrL , HH)is of individual chew :cal HQ valuc.-: --; t:o cc 

arcI 	 r 	 anfi Tabic 7- 

(.}1 •(22 	 tH; 
	

fc)1 ;-'r• 
	cciiI 

Lep 

, 	I he 
risks 

 

ki.;%idi - r-d 

Lead 

  

a  Screening i 	_)ased on 
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Chemical 

Lead 

:•• 	1...1 	 I i 

1:(•:t 	 i 

•-••• 

rhana -.threne ,17 

Marine a  

benzorTI ;;; -,:fr; 

FILIOrant.lieT7.• 

8E+ C 2 

2E+C):: 

	

, 	 1 	 fr:o• thc 

c.,.:.;.?(:1tC): 	ft 	UtiU 	ife 

creeni 	 .;;;:;; 	roc 1.:C.OFC, in 	 . 

HG base...1 	 • 	n. • ci 

MING. 	SurninEiry 0, 	 POU'! 

Benthic Organisirs 

HO Valuesthat `•;•;:j;;,.eec.f Onit for the Prliectiun 

  
 

 

          

CJi 

   

    

Marine 

    
   

           
   

           
 

E+00 

1 E+01, 

2E+Cr 

F+fr. 

           
 

           
 

           
 

           
 

f S2:i3c,c1 nj 1 - (_;? b:.,sed on rn3Niml.;in 
va 

 

tie 	 in till:,  
f.:011 (2CTI:c7!iZ: ■ 11.S. 
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November 2000 	 Phase II RI, RIFDF, FISC, Pearl Harbor 	 Ecological Risk 

estimate of the upper limit mean exposure since the sample size was too small to accurately estimate a 
95 percent UCL. The HQ values for the black-necked stilt still exceed 1 for both lead and BE111 1, as 
well. The HQ values are driven by the ingestion of invertebrates both terrestrial (for the house mouse 
and the northern cardinal) and aquatic (for the stilt). 

No refinement of the risk to aquatic life and benthic organisms was included, so the risk estimates 
remained the same as the Tier 1 estimates. 

Phase 11 RI data indicate that groundwater from the caprock water-bearing zone does not discharge 
to surface water in the watercress farm area. In addition, caprock groundwater discharge in this area 
(if it were to occur) would be insignificant relative to the high volume of irrigation water flowing 
through the watercress fields and drainage channels. A high level of dilution is also expected if the 
groundwater discharges directly to Pearl Harbor. Since ecological risk for Pearl Harbor is being 
investigated separately, that risk is not included in this assessment. However, due to an expected 
high dilution factor, risk to harbor ecological receptors is expected to be acceptable. 

7.3.4 Conclusions and Recommendations 

Three outcomes are possible at this point in the ERA: 

1. 101 COPECs in all affected media are below screening concentrations (no HQ values 
exceed 1) and uncertainties are acceptable to risk managers. It is unlikely that the site is a 
risk to ecological resources and the site is referred to NFA from the standpoint of ecological 
risk. 

2. One or more COPECs in one or more media exceed their respective screening value (HQ 
exceeds 1). Risk managers decide (based on the risk estimates, uncertainty, and other 
factors) whether the site represents an unacceptable threat of adverse effects to ecological 
resources. If uncertainties are unacceptable, the site will be referred to a Navy Tier 2 
baseline ERA that will focus on those COPECs and pathways driving risk The purpose of 
the Tier 2 ERA is to reduce unacceptable uncertainties to allow risk managers to make a 
final decision on the potential risk to site ecological resources. The baseline risk assessment 
methodology is included as Steps 3 through 7 in the EPA eight-step guidance. 

3. One or more COPECs in one or more media exceed their respective screening value (HQ 
exceeds 1). Risk managers make a decision, based on the risk estimates, uncertainty, and 
other factors, that further investigation is unlikely to lead to an acceptable risk level, and 
remediation is recommended. The revised screening levels may serve as the basis for 
establishing cleanup goals for the site. 

Although there is unacceptable risk to ecological receptors due to the presence of lead and SVOCs in 
soil and surface water, the risk is overestimated because maximum detected concentrations are used 
to represent exposure concentrations. In addition, there is no connection between the caprock aquifer 
and the wetland habitat in the offsite area. Therefore, the risk associated with lead and SVOCs in the 
soil, water, and sediment is not associated with past fuel-handling operations at the EJFDF. 

The wetland/agricultural area has been intensely developed with both dredging and filling operations 
common throughout the area. There are many other potential source areas, such as fill and equipment 
storage areas and fuel pipelines, that could contribute to the lead and SVOCs detected in the offsite 
area. 
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Hawaii Coastal Zone Management Law. Section 307(c)(1) of the Coastal Zone Management Act, 
16 United States Code (USC) 1451 requires federal agencies to conduct or support activities that 
may directly affect the coastal zone in a manner consistent with approved state coastal zone 
management programs such as the Hawaii Coastal Zone Management Law (HCZM). The HCZ1v1 
would be applicable only if a response action that would directly affect the coastal zone is 
implemented at the site, The HCZM-requires-preservation of historic, scenic, open space and marine 
resources, coastal ecosystems, beaches, and recreation areas. Although CERCLA onsite actions are 
not subject to administrative review, the lead agency is required to ensure that such actions comply 
with the substantive requirements of the state's coastal zone management plan and should prepare 
an analysis to document compliance. 

Endangered Species Act. The Endangered Species Act (ESA) requires protection of proposed and 
listed endangered and threatened species, and critical habitats upon which these species depend. As 
discussed in Section 3.3, no plant species listed as rare, threatened, or endangered have been 
observed at the EJFDF or in the offsite area. Due to the disturbed conditions, no listed plant species 
are expected. No rare, threatened, or endangered animal species have been observed on site at the 
EIFDF, and none are expected due to the extensive non-native vegetation. However, endangered 
water birds were observed in the offsite agricultural and wetlands area during the 1998 ecological 
survey; therefore, the ESA was identified as applicable to the offsite investigation area. 

8.3 ACTION-SPEC1FIC ARARs AND TBCs 

Action-specific ARARs or TBCs are not usually identified during the scoping or site 
characterization phase of a RI, but may be identified during later phases, or as required for 
subsequent response action. EJFDF activities are currently in the site-characterization phase; 
therefore, well construction requirements were the only action-specific criteria evaluated for the 
Phase II RI. 

Hawaii Well Construction Standards. The Hawaii Well Construction Standards (HWCS) (HAR 
13-168-14) establish minimum standards to ensure safe and sanitary maintenance and operation of 
water wells and prevent contamination of groundwater. EJFDF monitoring wells are water wells as 
defined in HAR Section 13-168-2; therefore, the HWCS criteria are applicable. (The HAR Section 
13-168-2 definition of water wells includes borings drilled for exploration of groundwater.) 

8.4 CONCLUSIONS 

Identification of site-specific ARARs and TBCs is an iterative process. The requirements become 
better defmed as more site-specific data become available, or when a response action is selected. 
This iteration presented in this report identified the criteria listed in Tables 8-1 through 8-3 as either 
applicable, relevant and appropriate, or to-be-considered. 

8-8 
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